A case of classic basaloid or cloacogenic carcinoma of the anal canal that developed below the pectinate line, found to be associated with clinical Cushing's syndrome, was studied and data supporting ectopic Cushing's syndrome are presented. Strate et al. [ 1] previously published an unusual case of this tumor arising in the sigmoid colon and provided evidence for parathormone (PTH) secretion along with information only suggestive of adrenocorticotropic hormone (ACTH) production. We are unaware of any previous studies in the literature showing conclusive evidence for ectopic Cushing's syndrome in the usual form of this neoplasm.
Although an explanation has been proposed for the embryologic origin of this tumor as the cloaca [5] , there has been no convincing demonstration of the similarity of this tumor to others of neurectodermal origin. Our studies show that this neoplasm has histologic and biochemical characteristics usually attributed to the socalled "Apudomas." 543
CASE REPORT
A 44-year-old woman was evaluated for a three-month history of discomfort with defecation. A lesion was found in the anal canal which on biopsy was diagnosed as "small cell carcinoma." She was admitted for surgery at which time physical examination showed a mildly obese, middle-aged woman with a 1.0 x 1.5 cm fleshy mass at approximately the level of the mucocutaneous junction. There was a 1.5 x 1.5 rubbery, moveable left inguinal node. The liver and spleen were not palpable and there were no abdominal masses. Her weight was 65.5 kg, BP 100/80, pulse 80, respirations 14, and temperature 36.70C. Pre-operative studies were as follows: chest X-rays with tomograms were negative. Bone scan and IVP were negative. Liver scan showed defects presumed to be metastatic lesions. ECG was normal. Barium enema showed that the lesion did not extend beyond the lower part of the rectum. Carcinoembryonic antigen (CEA) was 1.3 ng/ml (N = <2.5 for non-smokers).
Selected laboratory values for all admissions are shown in Table 1 .
An anterior-posterior resection was performed at which time some nodules were found in the true pelvic peritoneum. Hepatic nodules were biopsied but pathology reports showed only necrotic tissue. The posterior third of the vagina was also resected due to tumor invasion. The patient was left with a well-functioning sigmoid colostomy. A diagnosis of "small cell carcinoma" was confirmed (Figs. 1, 2).
Chemotherapy was delayed until seven weeks after surgery because of delayed wound healing and local infection. In view of the anaplastic nature of the tumor, drugs effective for the treatment of Oat Cell carcinoma were employed; these were: vincristine 1.5 mg IV, methotrexate 40 mg/M2 IV on day 0; cyclophosphamide 150 mg/ M2 p.o. daily for five days from day 7 to 1 1, and Doxorubicin 40 mg/ M2 IV on day 7. The cycle was repeated every 28 days. She remained stable until after the third cycle when she presented with puffy face, generalized edema with 4+ pitting up to mid-calf bilaterally, and massive liver enlargement. She was admitted to the hospital at which time the prominent findings were: 2 x 3 cm rock-hard, fixed left inguinal node, an enlarged, hard liver with total span of 24 cm. Her weight had increased to 74.6 kg. Plasma cortisol (N = 1-8 ,g/dl A.M.; 2-9 ,g/dl P.M.) ranged between 60-66 ,ug/dl A.M. and P.M. and plasma ACTH was 58.8 pg/ml in A.M. (normal diurnal variation 20-100 pg/ml) and 56.7 pg/ml in the evening (see Fig. 3 for graphic data). She was treated with combined radiation (3,000 R pelvis and liver) and chemotherapy with one bolus of Mitomycin-C IV and 5-fluorouracil by intravenous continuous infusion for five days according to Nigro et al. [8] . The plasma cortisol promptly fell to normal (see Fig. 3 ) after 24 hours of treatment and the liver regressed dramatically to a normal size of 8 cm within two weeks. Liver scan revealed only tiny foci of tumor nodules. The edema resolved with diuretics but she required massive potassium replacement.
She remained stable without further treatment until she was readmitted four months later, once again with massive edema. Plasma cortisol was 40ug/dl (A.M. and P.M.) and plasma ACTH was 100 pg/ml (A.M. and P.M.). She was treated once again with bolus Mitomycin-C but this time without radiation, and 5-fluorouracil infusion was administered via intra-hepatic artery catheter for five days. There was dramatic response once more and she remained stable with normal cortisol values for three months before she developed diplopia and blurred vision. Brain scan and C-T scan showed a large lesion in the left occipital lobe and another smaller lesion in the left frontal lobe. She received 3,000 R whole brain irradiation (no exogeneous steroids required) with complete response. At the same time, chest X-rays revealed a small lesion in the right upper lobe and hilar adenopathy. A third course of bolus Mitomycin-C and 5-fluorouracil IV infusion with a constant infusion pump was started on outpatient basis but was stopped after three days because of severe thrombocytopenia. During the next month she became diffusely hyperpigmented and her cortisol level began to rise again. She complained of severe back pain. A bone scan was negative; however, X-rays of the dorsal spine showed severe osteoporosis with compression fractures of several thoracic vertebrae.
Her fourth admission, one month later, was prompted by moderate gastrointestinal bleeding, severe generalized muscle weakness, and anemia. Two (2) mg of Dexamethasone p.o. every 6 hr for three days failed to suppress the cortisol level (see Fig. 3 ). Unfortunately, the final phase of the disease progressed too rapidly for methods of blocking adrenocorticosteroid biosynthesis to be employed after failure of chemotherapy. She was transfused with packed RBCs and transferred to a local hospital where she died suddenly three days alter.
MATERIALS AND METHODS Plasma cortisol specimens were assayed at Yale-New Haven Hospital. Plasma ACTH and tumor PTH were done at Nichol's Institute, San Pedro, California. Surgical pathology specimens were processed at Yale-New Haven Hospital (YNHH).
Electron microscopy was performed on tumor excised from the gross surgical specimen and sent from the operating room to the YNHH E-M laboratory in the form of 1-2 mm3 pieces transported in glutaraldehyde solution (3 percent in 0.1 M Sorensen's phosphate buffer, pH 7.4). The usual processing steps were followed through alcohol and propylene oxide until thin sections were made with the ultramicrotome from the epon-embedded tissue and stained with uranyl acetate and lead citrate. During examination with the electron microscope, a representative field (Fig.  2 ) was photographed.
Metastatic tumor nodules obtained at autopsy from the liver within three hours after death were immediately frozen at -20°C and, later, two portions were transported in dry ice: one to Nichol's Institute, San Pedro, California, for PTH, and the other to Harbor General, Torrance, California, where after appropriate extractions, 1-MSH, "small" ACTH, and a-glycopeptide chain assays were performed by Dr. A.R. Wolfsen, using methods previously described [1] . ,B-lipotropin or "big" ACTH value was deduced from ,-MSH immunoreactivity.
A liver metastatic nodule section was tested with Fontana-Masson stain. Hematoxylin and eosin stained sections of metastases to various organs were also prepared.
RESULTS
The gross surgical specimen was a 15 cm fresh portion of rectum including the anus and external anal skin. The rectal mucosa appeared normal until the anorectal junction where a 2 cm crater was found. Around the crater was found firm tissue which contained small cell undifferentiated carcinoma. Most of the neoplastic changes appeared to be in the basal area of the epithelium. The Hematoxylin-Eosin stain of sections of the primary were identical to the biopsy specimen shown in Fig. 1 .
Electron Microscopy
The primary tumor was composed of cells with oval to elongated muclei with a slightly irregular border. Chromatin was coarsely clumped and nucleoli were prominent. The cytoplasm contained many neurosecretory granules, bundles of tonofilaments, mitochondria, rough endoplasmic reticulum, free polyribosomes, and an occasional golgi complex. Pseudopod-like extensions of cytoplasm were found in many cells and specialized intercellular junctions were present. A representative field of an electron micrograph is shown in Fig. 2 .
Autopsy Findings
The tumor was widely disseminated on gross examination. There were metastases to the liver which weighed 3,300 grams, and para-aortic glands. The gastrointestinal tract showed only serosal adhesions. The spleen was unremarkable. Both adrenal glands showed only distinctly enlarged cortices. The combined weight of the adrenal glands was 85 g. The heart muscle and values were normal. The left lung weighed 330 grams and had a solitary, large tumor nodule close to the hilum, but there was no invasion of the airways. The right lung weighed 1,100 grams and was markedly congested. There were consolidated areas in the basal portions of the upper and lower lobes. There were tumor nodules scattered throughout the parenchyma of the right lung. Hilar nodes were massively involved bilaterally. There were no endobronchial tumors and the tracheobronchial epithelium was normal. Gram stain of the exudate from the consolidated and hemorrhagic areas of the right lung showed gram-negative rods. There was a large metastatic tumor nodule on the left lobe of the thyroid. The brain was not examined but C-T scan had documented metastases to the occipital and frontal lobes two months before death.
The microscopic appearance of the tumor was identical in all of the metastatic sites examined. It was an extremely aggressive, infiltrating tumor exhibiting a very rapid growth rate as evidenced by extensive necrosis and high mitotic index. At the advancing margins of infiltrating tumor where cells were viable, they were characterized by having small vesicular nuclei with a fine chromatin pattern. The nuclear membrane was crisp, cytoplasm was scanty, and where present, stained with a pale eosinophilic color. The tumor nuclei were slightly larger than a medium-sized lymphocyte. In areas where blood supply was outgrown, the nuclei assumed a dense, hyperchromatic appearance and resembled small lymphocytes (Figs. 4, 5, and 6). The nuclear and infiltrative characteristics of this tumor were highly reminiscent of an oat cell bronchogenic carcinoma or an aggressive carcinoid tumor. Special stains for argentaffin granules (Fontana-Masson) were negative. Extensive vascular invasion was a striking characteristic of the tumor (Fig. 6 ). The metastases were similar to the original ano-rectal mass biopsy (Fig. 1 ). Of special note were microscopic metastases to the adrenal glands ( Fig. 4) , in which tumor cells were found in each cortex and extended into the medulla. The zona fasciculata was hypertrophied bilaterally and the cytoplasm of the cells in the zone contained large amounts of lipid material. The bone marrow taken from the lower lumbar vertebrae showed severe pypocellularity involving all elements. Small clusters of tumor cells were present. Tumor Hormone Assays Tumor PTH was 91 1ML eq/g of tissue (normal for hepatic tissue less than 100I L eq/g). Unfortunately, serum PTH could not be completed and the patient expired before it could be repeated. Serum calcium values were normal. ACTH ("small" ACTH) was 9,280 pg/g of wet weight tumor (normal tissue ACTH less than 1,000 picograms/g tissue). Y-MSH (theoretically same vlaue for "big" ACTH or j-Lipotropin) was 5,440 pg/g wet tumor weight (normal tissue less than 1,000 picograms/g tissue). a-glycopeptide chain (ax sub-unit was 432 ng/g wet tumor (normal tissue less than 100 ng/g tissue).
Serial plasma cortisol and ACTH values obtained during the course of the disease are shown graphically in Fig. 3 . DISCUSSION Cloacogenic (basaloid) carcinoma is a well-described malignancy generally arising in the smooth transitional zone of the anal canal, usually below the pectinate line. Notable among numerous previous reports is the study by Klotz et al. [7] , in which histologic variants including "oat cell" types were described. Since this is a "small cell" anaplastic tumor, it is very important to exclude carcinoid and bronchogenic oat cell carcinoma metastasis whenever a diagnosis of cloacogenic carcinoma is made. Our case is typical of the classic form of this disease in that the primary was clearly in the anal canal (see Fig. 1 ) close to the pectinate line and demonstrated the local invasive characteristics, namely extension to the posterior vaginal wall and metastasis to regional nodes. There was no evidence to suggest that the anal tumor was a metastasis from the lungs or elsewhere, and, indeed, the autopsy showed that tumor nodules in the lungs were metastatic. The patient did not at any time demonstrate carcinoid syndrome in spite of massive hepatic metastases. In addition, there were no cardiac valvular lesions and the stain for argentaffin granules (Fontana-Masson) was negative. 5-HIAA measurement was deemed unnecessary in this case.
In spite of the wealth of clinical and pathological information about this disease, there are no well-studied cases of ectopic hormone production. The report by Strate et al. [11] only showed evidence of ectopic PTH production and less conclusive evidence for ACTH production in an unusual location, the sigmoid colon.
This report provides the first detailed clinical and biochemical study of ectopic Cushing's syndrome in the usual form of this disease. The study satisfies the approach to investigation of endocrine effects in cancer as outlined by Bondy [2] . Ever since Yalow and Berson described "big" ACTH [13] , considerable knowledge has been gained in the endocrinology of peptide hormones in normal endocrine glands and tumors associated with ectopic hormone production. It is now generally accepted that most hormones are synthesized as prohormones which have relatively low biologic activity and from which active hormone units composed of fewer amino acids are derived sometime before the hormones produce their effects at the target organs. It has been shown that IY and Y-lipotropin (,-LPH, -Y-LPH) are the ACTH precursors and that ,B-LPH is produced in higher quantities in tumors associated with ectopic Cushing's syndrome, whereas the reverse is true of the pituitary source [4] .
The case we studied showed very little evidence of circulating excessive ACTH ("small" ACTH, 1-39 polypeptide fragment of ,-LPH). However, there was severe and rapid developemnt of Cushing's syndrome which resolved with each response to therapy at which time plasma cortisol also returned to normal levels. The tumor produced mainly "big ACTH (P-LPH, 1-91 amino acid polypeptide) as shown byt3-MSH immunoreactivity. ,B-MSH is contained in a complete sequence in P-LPH and does not exist freely in the blood [1] . Dr. Wolfsen's assay gave 30 percent cross immunoreactivity of ,-MSH with ,B-LPH but theorectically the cross reactivity would be 100 percent and,B-MSH radioimmunoassay result would therefore be identical to that of ,3-LPH. It has been shown that the biologic activity of "big" ACTH is less than 4 percent of its immunoreactivity [14] . This implies that a large amount of "big" ACTH is needed to produce appreciable ectopic Cushing's syndrome. Since the antibodies against ACTH measure both "big" and "small" ACTH, results from clinical laboratories will tend to be elevated even in the face of mild disease; hence the accepted notion that immunoreactive ACTH is usually over 200 pg/ml at the time of diagnosis of ectopic Cushing's syndrome. Our case was puzzling in that plasma ACTH measurements were always within the normal diurnal range. However, clinical hyperadrenocorticism was striking and progressed more rapidly with the additional manifestation of diffuse hyperpigmentation at a time when the patient was off chemotherapy. Repeated plasma ACTH at that point, which also marked the highest cortisol level, would probably have produced very high values unless there were consistent errors in transportation to and/or processing at the outside laboratory. An interesting possibility is the fact that bilateral adrenal metastases could have led to generation of active hormone inside the target organ, thus producing clinical disease out of proportion with measurable circulating "small" ACTH. This would be true if the adrenal gland contains cleaving or converting enzymes which are usually present in the pituitary, but are absent or defective in tumors [6] . The loss of diurnal variation and non-suppressibility of cortisol on full Dexamethasone suppression test were also in favor of ectopic Cushing's syndrome.
The markedly elevated tumor "small" ACTH and 1-LPH were unquestionably indicative of hormone production. Finally, the striking adrenocortical hypertrophy as shown by combined adrenal weight of 85 g (no gross tumor), compared to autopsy findings of 9.2 ± 1.8 g aggregate adrenal weight in cases of sudden death in the United States [10] , is certainly indicative of sustained pathological ACTH stimulation.
The elevation of a-glycopeptide chain of human Chorionic Gonadotropin (hCG) has been described in clinical studies of tumors especially gastrointestinal and pulmonary malignancies [9, 12] . The level of alpha chains in our specimen was over four times what is expected in normal tissue and sixteen times the average level seen in various tumors studied by Dr. Wolfsen (personal communication).
The significance of elevated PTH in the tumor is not clear since serum calcium and phosphate were always normal. We feel that severe and rapid osteoporosis was due to persistent hyperadrenocorticism. However, the serum calcium level could have been suppressed by high glucocorticoid levels. Unfortunately, we could not compare serum PTH levels with that reported by Strate et al. [11] , since the test could not be completed. If further studies demonstrate consistently elevated PTH in cloacogenic carcinoma, it would provide evidence that the tumor cell is indeed totipotential and combines the endocrine characteristics of oat cell and squamous cell carcinoma of the lung.
We feel that there is enough evidence to consider cloacogenic, "small cell" carcinoma of the anal canal an APUD (Amine Precursor Uptake and Decarboxylation) tumor with the potential of all such tumors derived from the neural crest. Endocrine activity in this tumor may well be of adverse prognostic significance, since, in spite of dramatic responses to therapy, our patient survived for 13 months from the time of diagnosis or 16 months from the onset of symptoms. This is in contrast to the average survival times of 19.7 months without and 27.8 months with some form of treatment as reported by Klotz et al. [7] . To use the term "Apudoma" for this tumor would therefore wrongly imply benignity. In keeping with Bondy's suggestion [3] , we feel that "small cell Apud-carcinoma" or "Cloacogenic Apud-carcinoma" would be more appropriate for this sub-set of disease category. CONCLUSION Through detailed clinical and biochemical studies, we have shown that a case of cloacogenic (basaloid) carcinoma of the anal canal produced ectopic Cushing's syndrome and that "big" ACTH (,B-LPH) rather than "small" ACTH was the offending substance predominantly secreted by the tumor. Strikingly elevated levels of tumor PTH and a-glycopeptide chain were also documented but were without biologic or clinical significance. Thorough investigations excluded carcinoid, oat cell carcinoma primary in the lung and primary in or metastatic to the anus. The response of the tumor to chemotherapy was quite different from those of carcinoid tumor and bronchogenic oat cell carcinoma. Assay of plasma and tumor for 3lipotropin or a fragment of it showing p-MSH immunoreactivity may be a useful tumor marker in this disease. Future studies may well demonstrate the presence of other ectopic hormone production by this tumor.
